Introduction 35 36
Over the past decade, the strong tidal flows of the Pentland Firth have been a focus of attention for 37 tidal energy developers, with a number of sites identified and leases granted for tidal energy extraction 38 using tidal turbines. Tidal energy potential for the whole Firth has been estimated to be in the range of To date, one of the potential impacts of tidal energy that has received less attention is sediment 67 transport and the effect of energy extraction on the movement of sediment through these tidally 68 energetic channels. An early study by Neill et al. [6] , demonstrated that installations of tidal energy 69 convertors in the Bristol Channel had the potential to influence large scale sediment dynamics and bed 70 level changes, and that these impacts were most pronounced in regions where tidal asymmetry was 71 stronger. In a further study, Neill et al. [7] , found that tidal turbines could also impact sand bank have knock-on effects on benthic communities that rely on suspended organic material. Harendza [10] 83 found that bed shear stress was closely associated to the composition and distribution of benthic 84 assemblages in the Inner Sound, and developed site-specific habitat suitability models based on 85 physical characteristics both in the absence and presence of tidal turbines. 
ROV and Sediment Grabs

416
Small sediment grab samples were taken and standard particle size analysis undertaken. Samples 417 from the northern sediment bank were found to be unimodal, moderately well sorted medium grained The hydrodynamic model satisfactorily reproduced the tide at tide gauge locations around the 480 northern Scotland coastline including both ends of the Pentland Firth (Table 1) , a fundamental 481 requirement since currents in the Firth are largely driven by sea level pressure gradients [15] . We Comparison with moored ADCP data also showed similarity in the magnitudes and phases of 498 velocity for the principal tidal constituents ( Table 2 ). The M 2 tidal constituent dominated both the 499 regional tides and particularly the tidal currents in the Inner Sound, being 2.5 times stronger than the 500 next largest constituent S 2 (Table 2) . Table 1 . Modelled and observed amplitude (m) and phase (°) of the tidal height for the five principal 505 tidal constituents at five locations around the Pentland Firth (see Fig. 1 ). Modelled velocity fields show flow separation occurring at the northern and southern headlands of 
580
where R is the submerged specific gravity, g is the acceleration due to gravity, v is the kinematic 581 viscosity, D is the grain diameter in m, and C 1 is a constant with a theoretical value of 18 and 582 represents the smoothness of the grains. C 2 is the constant asymptotic value of the drag coefficient.
583
The drag coefficient is 1 for a spherical grain, natural mineralogical sediment have a value ranging 584 from 0.8 to 1.15 dependent on shape (Table 3) . The important aspect to all such equations is the behaviour of a particle in a fluid in relation to the 589 particles density and shape and most such equations are based on a near spherical particle such as thought to be of low diversity and abundance ( [12] , [13] ).
609
It is postulated that the southern wedge shaped sediment bank in the side-scan surveys can be blocking, and enhance the current speeds around the sides. It seems plausible, therefore that the shell 680 bank may ultimately be eroded or, more likely, relocated by the changing hydrodynamics.
681
Monitoring the evolution of these sediment features following deployment of the turbines may be 682 of scientific interest, in particular, by comparing numerical predictions with ongoing observations.
683
This knowledge will be of value for regulators and the marine energy industry itself, in assessing 
697
Based on studies of similar sites in the region, deposition rates for both banks are expected to be 698 low with sediment being reworked on the banks by tidal flow. The shape and density of the shell 699 fragments affect drag; once deposited the bedform is highly resistant to high current velocities.
700
Modelling of the transport of shell fragments will help in assessing the likely impact of change in modelling work and co-wrote the paper; Lonneke Goddijn-Murphy undertook the underway ADCP survey,
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